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Thymic lymphopoiesis depends on blood-borne, marrow-derived progenitors, but characterization
of these cells, and their lineage potentials, has been difficult. In this issue, Krueger and von Boehmer
(2007) show some blood cells that are already T lineage restricted, suggesting that T lineage commit-
ment can occur prethymically.Unlike other blood lineages, the pri-
mary organ for T lymphocyte produc-
tion is the thymus, not the bone mar-
row. However, the thymus contains
no cells with self-renewing capacity
(Goldschneider et al., 1986; Wallis
et al., 1975), and instead depends on
a semicontinuous (Foss et al., 2001)
input of bone-marrow-derived pro-
genitors that circulate in the blood.
This phenomenon has led to a long de-
bate as to whether specific progenitors
home to the thymus because they
are already T lineage committed, or
whether uncommitted progenitors be-
come T lineage cells as a consequence
of homing to the thymus. Recent stud-
ies have indicated that early intra-
thymic progenitors are not T lineage
committed (Porritt et al., 2004; Lu
et al., 2005), suggesting that the latter
is more likely the case. However, the
lineage potential of early intrathymic
progenitors is distinct from any stem
or progenitor cell in the bone marrow
or blood because they display natural
killer (NK)-cell, dendritic cell (DC), and
other lineage potentials, but lack the
ability to make B cells (Porritt et al.,
2004; Lu et al., 2005). The absence of
B potential among classical intrathy-
mic progenitors would suggest that B
and T lineages diverge prior to intra-
thymic entry because T lineage
commitment is a prolonged process
(Taghon et al., 2005), and virtually no
B lineage potential can be detected
among early intrathymic cells. How-
ever, the single published study of line-
age potentials among blood progeni-
tors concluded that the cells that
seed the thymus are classical multi-
potent progenitors, which have thepotential to make both B and T lineage
cells, as well as nonlymphoid cells
(Schwarz and Bhandoola, 2004).
In the current issue of Immunity,
Krueger and von Boehmer (2007) use
a pre-Ta-driven human CD25 reporter
to identify a very small population of
blood cells bearing the phenotype of
lineage-negative B220 c-kitlo IL-7Ralo
Thy-1.1+ Sca-1+ Flt3/lo. In vitro, such
cells were relatively efficient at pro-
liferating under T cell conditions, but
comparatively poor at generating B or
NK cells. When injected intravenously
into irradiated mice, such cells could
also enter the thymus and give rise to
CD4+CD8+ progeny. Because they
are also found in athymic (nude) mice,
these circulating T progenitors (CTP)
appear to represent a unique popula-
tion of blood cells that are restricted
to the T lineage prior to exposure to
the thymic microenvironment.
Although this study clearly reveals
that T cell potential among blood pro-
genitors is not limited to multipotent
cells, a number of questions none-
theless remain unanswered. For one,
there is still a discrepancy between
the lineage potentials of blood CTP
and the earliest intrathymic progeni-
tors (CD4 and CD8 double-negative
stage 1; DN1). Among DN1 cells, sev-
eral subpopulations can be identified
(Porritt et al., 2004). Those subpopula-
tions that exhibit all the characteristics
of bona fide T cell precursors (i.e.,
progression through a well-defined
developmental sequence, with normal
kinetics and extensive proliferation)
have substantial NK and DC potential,
both in bulk cultures (Porritt et al.,
2004; Lu et al., 2005) and clonallyImmunity(H.T.P., unpublished data). Because
multiple types of cells can home to
the thymus (for examples, see Porritt
et al., 2004; Mori et al., 2001), it is
possible that the CTP described by
Krueger and von Boehmer represents
only one of a variety of cells that can
home to the thymus and make T cells.
The phenotype of CTP in the blood
most closely resembles that of the
DN1c thymocyte (Porritt et al., 2004),
with the exception that that popula-
tion gives rise to both B and T cells,
although its T cell proliferative potential
is limited. Thus, the newly identified
blood CTP does not seem to corre-
spond directly to any previously char-
acterized intrathymic progenitor, sug-
gesting that it may represent a subset
of one of them that can function in
parallel with the classical, multipotent
DN1a or DN1b population (Figure 1).
The relative functions of different types
of thymus-homing progenitors re-
mains unknown, but it is tempting to
consider the possibility that each of
them may be more or less biased to-
ward specific sublineages of T cells
(e.g., CD4, CD8, NK-T, regulatory T,
TCRgd, etc.). Alternatively, it is possi-
ble that different thymic-homing cells
serve to condition the microenviron-
ment in a manner that facilitates the
development of other cell types and/
or regulates homing or thymic entry.
The ultimate definition of a blood T
cell progenitor will require that it fulfill
a number of criteria that, as yet, have
not been met by the current or previous
studies. For one, such cells must be
capable of efficiently homing to the
nonirradiated thymus after intravenous
injection. The efficiency of thymus26, January 2007 ª2007 Elsevier Inc. 7
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PreviewsFigure 1. Possible Relationships among T Lymphocyte Progenitors from Different
Tissues
Hematopoietic stem cells (HSC) and their immediate progeny (multipotent progenitors, MPP) pos-
sess, by definition, all lineage potentials. In the bone marrow, a cell that is restricted to lymphoid
lineages (common lymphoid progenitor, CLP) has been identified, but similar cells have not been
identified in the blood, and thus the contribution of CLP to the thymic lineages is uncertain. Blood
MPP cells can home to the thymus and give rise to T cells, but no cell in the thymus has matching
lineage potentials. The currently accepted phenotype of canonical intrathymic progenitors is a cell
with multiple lineage potentials (given appropriate conditions), but lacking B potential. B and T
bipotent progenitors also exist in the thymus (atypical DN1 cells), but are relatively poor at gener-
ating T cells. The T committed blood progenitor described by Krueger and von Boehmer repre-
sents a unique cell type that does not directly correspond to any of these, suggesting the presence
of multiple, parallel pathways of T cell differentiation.homing is extremely difficult to mea-
sure because the number of cells hom-
ing to the thymus in a 24 hr period is
extremely small (estimated at about
10–100 cells per day), and, in a nonirra-
diated thymus, amounts to less than
one in two million thymocytes, a pro-
portion that is below the level of elec-
tronic noise for existing flow cytome-
ters. Further, given that multiple cell
types can be shown to home to the
thymus, an unequivocal definition must
include competitive assessment of
thymic homing, where two (or more)
marked progenitor populations are in-8 Immunity 26, January 2007 ª2007 Elsevjected simultaneously into the same
host. Once inside the thymus, bona
fide progenitors must also be able to
contribute in a substantial way to the
development of new T cells. Even large
numbersofbone-marrow-derived mul-
tipotent progenitors are inefficient at
contributing to the intrathymic pool
after intravenous injection into nonirra-
diated mice (Porritt et al., 2003), de-
spite the fact that such cells should be
closely related to the putative blood-
thymus progenitor identified by others
(Schwarz and Bhandoola, 2004). Again,
it is possible that only a subset ofier Inc.bone-marrow multipotent progenitors,
or other currently identified blood or
bone-marrow populations, represent
canonical thymocyte progenitors, and
thus, that further identification of these
cells is necessary. In this respect, it is
also important to note that the CTP
defined by Krueger and von Boehmer
represents only a few percent of
lineage-negative B220 c-kitlo IL-7Ralo
Thy-1.1+ Sca-1+ Flt3/lo cells in the
blood and requires the pre-Ta-driven
hCD25 reporter to identify them in
normal mice or in humans.
In summary, the work of Krueger and
von Boehmer shows for the first time
that T committed progenitors do exist
in the blood, and that T lineage commit-
ment can occur prior to thymic entry.
However, there is discontinuity be-
tween the phenotypes and lineage po-
tentials of such CTPs and other known
progenitors in the BM and thymus,
suggesting the existence of multiple,
parallel pathways for T cell develop-
ment. Overall, the relationship between
T progenitors in the bone marrow,
blood, and thymus remains unre-
solved, and is only likely to be solved
by competitive in vivo reconstitution
studies in a nonirradiated setting.
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